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SJL T?' 9 ^conductor memory device 
havmg a plurahty of non-volatile memory ceils, each 
ceH havng a floating gate (6) and control gate (8) 
above a channel region ( 1a) sandwiched beLen a 
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source reg,on (2) and drain region <3>on the surface 

^ S T'? 0ndUCt0r SUbStrate (1 >' and the Channel 
region (la) on the drain region (3) side facing the 
floating gate (6) via a thick insulating film (4) 
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FIELD OF THE INVENTION 

The present invention relates to a non-volatile 
semiconductor memory device. 

BACKGROUND OF THE INVENTION 



fore, there arises a problem of erroneous data 
erase caused by the undesired emission of elec- 
trons from the floating gate 15. 

Of the above-described semiconductor mem- 
5 ory device, the first insulating film 14 on the semi- 
conductor substrate 11 has a uniform tan Mm 
thickness of about 100 A. so that ata vjntt n iin 
cells may be erroneously erased while another cell 
is written. 
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An example of a memory cell of a flash EEPR- 
OM according to background art is shown in Fig. 5 
in the form of a cross sectional view taken in its 
channel length direction (L direction). 

A source region 12 and drain region 13 are 
formed on the surface of a semiconductor sub- 
strate 11- There is also formed, on the surface of 
the semiconductor substrate 11 between the 
source and drain regions 12 and 13. a first thin 
insulating film 14 having a thickness (e.g.. about 
100 to 150 k) sufficient for a tunnel effect to occur. 
A floating gate 15 is formed on the first insulating 
film 14. A control gate 17 is formed on the floating 
qate 15. with a second thick insulating film 16 
having a thickness of about 330 A being interposed 

therebetween. 

The operation principle of the semiconductor 
memory device described above will be given be- 

,0W The operation principle of the semiconductor 
memory device described above will be given be- 
low 

'For writing data in this semiconductor memory 
device, the control gate 17 is applied with about 11 
V the drain region 13 is applied with a high voltage 
of about 8 V. and the source region 12 is ground- 
ed With this arrangement, hot electrons generated 
within the substrate 11 are injected into the floating 
qate 15. to thereby write data in the memory de- 
vice. For erasing data, the source region is applied 
with a high voltage of about 10 V. Bectronsin the 
floating gate 15 are thereby removed v.a he first 
thin insulating film 14 by means of a tunnel effect, 
to thus erase the data. 

The above-described semiconductor device is. 
however, associated with the following problem. 
For writing data, for example, in a cell A shown in 
Fig 6. a word line 30 and bit line 40 are selected 
and high voltage of about 11 V and 8 V are applied 
thereto, respectively. In this case, the high voltage 
(8 V) applied to the bit line 40 is also applied, for 
example, to the drain of a cell B. It is assumed 
here that data has been already written in the ceil 
B and so electrons have injected into its floating 
gate 15. in this state, electrons in the floating gate 
15 are emitted out due to the electric field gen- 
erated by the high voltage applied to the drain 13 
because the first insulating film 14 is thin. There- 
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, 5 It is an object of the present invention to pro- 

vide a semiconductor memory device capable of 
preventing erroneous erase of data already wntten 
in cells while another cell is written. 

According to a semiconductor memory device 
20 of this invention, the insulating film on the channel 
region is made thick on the drain reg,on side and 
made thin on the source region side. It becomes 
therefore possible to avoid deterioration of the 
erase characteristic of a memory ceil, and prevent 
25 erroneous erase of data already written .n cells 
while another cell is written. 
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Fig 1 is cross sectional view of a cell ac- 
cording to a first embodiment of this invention. 

Figs 2A to 2G are cross sectional views 
35 showing manufacturing processes according to the 
first embodiment, . 

Fiq 3 is a cross sectional view of a ceil 
according to a second embodiment of this inven- 

40 t,0n ' Figs. 3A.3B. and 4 are cross sectional views 

according to fourth, fifth and third embodiments of 

this invention, f 

Fig 5 is a cross sectional v.ew of a cell of a 
semiconductor memory device according to back- 

45 ^^Tis a circuit diagram showing data 
writing to a cell of a semiconductor memory device 
according to background art. 

DESCRIPTION OF THE PREFERRED EMBODI- 
1 MENTS 
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The first embodiment of this invention is shown 
5s in Fiq 1 »n Fig. 1. there is shown a cross sectional 
view of a memory cel. 10 of a non-volatile semi- 
conductor device taken in a channel length direc- 
tion (L direction). Reference numeral 1 represents a 
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silicon substrate made of, e.g., P-type silicon (Si). 
N -type source region 2 and drain region 3 are 
formed on the surface of the silicon substrate 1 . A 
first thick oxide film (insulating film) 4 of about 250 
to 350 A is formed on the drain region 3 side of a 
channel region 1a between the source region 2 and 
drain region 3. A first thin oxide film (insulating 
film) 5 is formed on the source region 2 side of the 
channel region 1a. The thickness of the thin oxide 
film 5 is set. e.g., to about 100 to 150 A so as to 
allow a tunnel current to flow and obtain a good 
erase characteristic. On the oxide films 4 and 5 
there is formed a floating gate 6 made of poly- 
silicon (Poly-Si). On this floating gate 6 there is 
formed a control gate 8 made of polysilicon with a 
second oxide film (insulating film) 7 interposed 
therebetween. 

The operation of this embodiment is as follows. 
For writing data in a memory cell, for example, 
with the source region 2 grounded, the control gate 
8 is supplied with a voltage of about 11 V and the 
drain region 3 is supplied with a high voltage of 
about 8 V. Hot electrons therefore inject into the 
floating gate 6 for data writing. 

For reading data from a memory cell, for ex- 
ample, with the source region 2 grounded, the 
control gate is supplied with a voltage of about 5 V 
and the drain region 3 is supplied with a voltage of 
about 1.5 V. With this arrangements, the data is 
read from the cell. 

For erasing data stored in memory cells, with 
the control gate 8 grounded, the drain region 3 is 
grounded or made electrically non-conductive and 
the source region 2 is supplied with a high voltage 
of, e.g., about 10 V. With this arrangements, elec- 
trons in the floating gate 6 are removed via the first 
thin oxide film 5 to the source region 2 by means 
of a tunnel effect. 

In the semiconductor memory device, control 
gates 8 are connected to word lines, and drain 
regions 3 are connected to bit lines. A desired 
control gate 8 and drain region 3 are selected by 
choosing suitable word and bit lines. 

In this embodiment, as shown in Fig. 1, the 
oxide film 4 is made thick on the channel region 1a 
of the drain region 3 side. Therefore, a tunnel 
phenomenon is not likely to occur. It is therefore 
possible to prevent erroneous data erase of ceils 
even while another memory cell is written. In addi- 
tion, the oxide film 5 is made thin on the channel 
region 1a of the source region 2 side, so that the 
erase characteristic of a memory cell is not deg- 
raded. 

Next, the method of manufacturing a semicon- 
ductor memory device according to this embodi- 
ment will be described with reference to Figs. 2A 
to 2G. 

As shown in Fig. 2A, an oxide film 18 of about 
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220 to 250 A for example is formed on a P-type 
silicon substrate 1 by means of a thermal oxidation 
method. 

Next, a resist 1 9 is patterned on the oxide film 
5 18 by means of a Photo Engraving Process (PEP) 
(Fig. 2B). 

Next, for example, the oxide film 18 on the 
silicon substrate 1 is etched out by using the resist 
19 as a mask, by means of a Reactive Ion Etching 
10 (RIE) method (Fig. 2C). 

Next, after peeling off the resist 19, a thin oxide 
film 5 of about 100 A for example is formed over 
the whole surface of the device, by means of a 
thermal oxidation method. This thin oxide film 5 
75 deposited on the oxide film 18 makes a thick oxide 
film 4 (thickness of about 270 A (Fig. 2D). 

Next, a first polysilicon 26 of about 4000 A for 
example is deposited on the oxide films 4 and 5, 
by means of a Chemical Vapor deposition (CVD) 
20 method or sputtering method for example. Next, an 
oxide film 27 of about 330 A for example is formed 
on the first polysilicon 26, by means of a thermal 
oxidation method for example. Next, on the oxide 
film 27 there is deposited a second polysilicon 28 
25 of about 4000 A for example, by means of a CVD 
method or the like (Fig. 2E). 

Next, although not shown, after a mask is 
formed on the second polysilicon 28 by using a 
PEP resist, a RIE method is used to form a control 
30 gate 8 and floating gate 6 in a self alignment 
manner. Thereafter, the mask (PEP resist) is re- 
moved (Fig. 2F). 

Next, using as a mask the "control gate 8, 
arsenic (As) ions for example are implanted into 
35 the surface of the silicon substrate 1 by means of 
an ion implantation method to form a source region 
(diffusion region) 2 and drain region (diffusion re- 
gion) 3 (Fig. 2G). In the above manner, a cell as 
shown in Fig. 1 can be obtained. 
40 Use of the above manufacturing method allows 

to obtain a semiconductor memory device of this 
embodiment without considerably changing a con- 
ventional method of manufacturing a semiconduc- 
tor memory device. 
45 Fig. 3 is a cross sectional view of a cell ac- 

cording to the second embodiment of this inven- 
tion. The cell shown in Fig. 3 differs from the cell 
shown in Fig. 1 in that the thick oxide film 4 is 
formed extending up to the edge of the source 
50 region 2. Accordingly, there is a lower possibility of 
erroneous data erase of cells even while another 
cell is written. 

Fig. 4 is a cross sectional view of a cell ac- 
cording to the third embodiment of this invention. 
55 The cell shown in Fig. 4 differs from the cell shown 
in Fig. 1 in that the drain region 3 does not overlap 
the floating gate 6. With such an arrangement, 
there is a lower possibility of erroneous data erase. 

3 
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This arrangement is also applicable to the em- 
bodiment shown in Fig. 3. Namely, as shown in 
Fig. 3A, the drain region 3 may be formed at the 
position outside of the floating gate 6. 

Fig. 3B shows a fifth embodiment of this inven- 
tion. A portion of the source region 2 overlaps the 
floating gate 6 in a direction of thickness while 
interposing therebetween the thin insulating film 5 
and a portion of the thick insulating film 4. With this 
arrangement, not only erroneous data erase is pre- 
vented, but also a leak due to a tunnel between 
bands is prevented to thereby present advantages 
of improving an erase characteristic, reducing pow- 
er consumption, preventing deterioration of a de- 
vice, and the like. 

Like elements to those shown in Fig. 1 are 
represented by using identical reference numerals 
in Figs. 3. 3A. 3B and 4. 

In the above embodiments, the substrate 1 is 
of a P-type and the source and drain regions 2 and 
3 are of an N-type. The conductivity type of these 
elements may be reversed. 

Reference signs in the claims are intended for 
better understanding and shall not limit the scope. 



Claims 

1. A non-volatile semiconductor memory de- 
vice comprising: 

a plurality of memory ceils (10) that data can be 
electrically written and erased; each of said mem- 
ory cells comprising: 

a semiconductor substrate (1 ) of a first conductivity 
type; 

a drain region (3) and source region (2) formed on 
the surface of said semiconductor substrate (1), 
said drain and source regions being spaced apart 
by a predetermined distance and of a second con- 
ductivity type; 

a first insulating film (4, 5) formed on said semicon- 
ductor substrate (1) at least on a channel region 
(1a) between said drain region (3) and source re- 
gion (2); 

a floating gate (6) formed on said first insulating 
film (4, 5); 

a second insulating film (7) formed on said floating 
gate (6); and 

a control gate (8) formed on said second insulating 
film (7); 

wherein said first insulating film (4, 5) includes a 
thick insulating film (4) on said drain region side 
and a thin insulating film (5) on said source region 
side. 

2. A non-volatile semiconductor memory de- 
vice according to claim 1 , wherein 

said channel region (1a) on said drain region (3) 
side faces said floating gate (6) via said thick 



insulating film (4), and 

said channel region (1) on said source region (2) 
side faces said floating gate (6) via said thin in- 
sulating film (5). 

5 3. A non-volatile semiconductor memory de- 

vice according to claim 2, wherein 
a portion of said drain region (3) faces said floating 
gate (6) via said thick insulating film (4), and 
a portion of said source region (2) faces said 

10 floating gate (6) via said thin insulating film (5). 

4. A non-volatile semiconductor memory de- 
vice according to claim 2. wherein 

a portion of said source region (2) faces said 
floating gate (6) via said thin insulating film (5), and 
rs said drain region (3) is formed on said substrate at 
the position outside of said floating gate (6) and 
does not overlap said floating gate (6) in a direction 
of thickness. 

5. A non-volatile semiconductor memory de- 
20 vice according to claim 1 , wherein 

said channel region (1a) faces said floating gate (6) 
via only said thick insulating film (4), and 
said floating gate (6) faces said source region (2) 
via said thin insulating film (5), but does not overlap 
25 said channel region (1a) via said thin Insulating film 
(5) in a direction of thickness. 

6. A non-volatile semiconductor memory de- 
vice according to claim 5, wherein a portion of said 
drain region (3) faces said floating gate via said 

30 thick insulating film (4). 

7. A non-volatile semiconductor memory de- 
vice according to claim 5, wherein said drain region 
(3) is formed on said substrate at the position 
outside of said floating gate (6), and said drain 

35 region (3) does not overlap said floating gate (6) in 
a direction of thickness. 

8. A non-volatile semiconductor memory de- 
vice according to claim 5, wherein a portion of said 
source region (2) overlaps said floating gate (6) via 

40 said thin insulating film (5) and a portion of said 
thick insulating film (4). 

9. A non-volatile semiconductor memory de- 
vice according to claim 1, wherein 

data is written by applying a first voltage to said 
45 source region (2), a second voltage higher than 
said first voltage to said drain region (3), and a 
third voltage higher than said second voltage to 
said control gate (8); 

data is read by applying a fourth voltage to said 
so source region (2), fifth voltage higher than said 
fourth voltage to said drain region (3). and a sixth 
voltage higher than said fifth voltage to said control 
gate (8); and 

data is erased by applying a seventh voltage to 
55 said control gate (8), and an eighth voltage higher 
than said seventh voltage to said source region (2). 
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© A non-volatile semiconductor memory device 
having a plurality of non-volatile memory cells, each 
cell having a floating gate (6) and control gate (8) 
above a channel region (1a) sandwiched between a 
source region (2) and drain region (3) on the surface 
of a semiconductor substrate (1), and the channel 
region (1a) on the drain region (3) side facing the 
floating gate (6) via a thick insulating film (4). 
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